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DILI 2014: Aims/Topics

Aim: Discuss Clinical Trends in DILI and
Acetaminophen Liver Injury

Topics:
* Overall scope of the problem

Problems in diagnosis

Issues regarding causality

Acetaminophen clinical tips
Treatment of DILI/APAP




Number of DILI Articles Published Annually, currently >1200
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Etiology of Acute Liver Failure in the USA
Adult Registry (n =2,000)

46%
ALF Study Group, Jan 2013




lable 1 | Regulatory actions due to non-allergic hepatotoxicity™

Drug U Ragulatory action

Bromfonas Analgesic Withidrorean

Troglitazor e Dhabssles Withsckrerer

Falhamate Anticornulsant Bestricted use

Pemciine CMS stimulant Restricted use

Tokapons Parkinaon's dissase Reatricted uses

Trovafloxacin Antibiotic Restricted use

Acctaminophen Analgesic Warnings

Lefunomice Irwnunormcculelor Warnings

Mefaradona Antipsychotic Wamings

MNevirapine Antiviral (HIV) Wamings

Pryrevsinearmi e Anlitut e culoss Waarnings

Hitampin Antituberculosie. Waminge

Terbirvaline Aritifungal Wearnirigs

Valprole acid Aricormulssnt Wamings

Zofirlukast Asthma Wamings
Ximelagatran Anticoagulant Not approved (2006)
Telithromycin Antibiotic Restricted Use (2007)

Adapted from: Kaplowitz, Nat Rev Drug Disc 2005

The Conundrum of Idiosyncrasy:
Why are just a few patients susceptible?

“idio-sug-krasia” (Hippocrates, ~ 400 B.C.)
idios (1810¢) - one’s own, self
syn (ocuv) - together
crasis (kpaoig) - mixing, mixture

a person’s own individual mixture of
characteristics, factors; uniqueness

It does NOT mean rare, unexpected, unexplained,
although it may or may not be any or all of them!




Features of Idiosyncratic Drug Reactions

1. Occur rarely, not really dose related

2. Similar consistent pattern for each drug
3. Similar drugs exhibit similar features,
“class effects”

4. Individual drugs in a class still vary
considerably

5. Reactions occur at varying time intervals
after ingestion (3 days to one year)

Features of Idiosyncratic Drug Reactions

6. Reactions vary in severity, but typically
severe and fatal if drug continued

7. Mild injury often disappears with
continued use (adaptation)

8. Rarity of most reactions suggests multiple
hits

9. Re-challenge is virtually always met with
greater severity, shorter latency

10. Most drugs causing idiosyncrasy are at
doses >100 mg/day




-From:
Lee,
NEJM
2003

Image is courtesy Jay Lefkowitch, Columbia University




Drugs causing cholestasis

* More than one case report:
Amoxicilliin/clavulanate
Carbamazepine
Erythromycin esters
Flucloxacillin
Methyltestosterone
Phenytoin
Prochlorperazine
Trimethoprim/sulfa

* Less frequent:
Azathioprine
Barbiturates
Captopril
Allupurinol
Clindamycin

Black cohosh hepatotoxicity: autoimmune hepatitis
35 yo woman, began a mail order pill one/day.
Admitted 4 wks later with coma.
TB 19.3, AST 835/ALT 674, INR 3.9, ANA 1:640.

Image is courtesy Jay Lefkowitch, Columbia University




New York Review of Books, 2003

CYP 2D6

Author: BorisTM




Genome-wide Association Results for All SNPs
p-values Plotted by Genomic Location; >5XULN ALT/AST
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Singer JB, LewitzKy S, Leroy E, et al. A genome-wide study identifies HLA alleles associated with lumiracoxib-related liver
injury. Nature Genetics 2010; 42:711-14

Genomics will help solve the riddle of idiosyncrasy
Techniques will vary from directed SNP analyses to GWAS

There may be relatively few ‘susceptibility MHC haplotypes’

Still, much complexity will likely remain:
Initial susceptibility: MHC haplotype PLUS
Downstream modulation (e.g., IL-10 genes)

Table 4. Haplotypes strongly associated with specific drug-related diseases

HLA-B*1502 Stevens Johnson/TEN carbamazepine
DRB1*0701/DQA1*02 Hepatotoxicity ximelagatran
DRB 1*1501-_- Mixed hepatotoxicity amoxicillin/clavulanate
DQB1*0602-DRB5*0101

Hypersensitivity /hepatotoxicity abacavir
HLA DRB1*0701 and HEA Hepatotoxicity flucloxacillin
DRB1*1302 and DQB1*0604 Hepatotoxicity ticlopidine

Hepatotoxicity lumiracoxib




Causality Assessment

* How do we know a drug has caused the injury?
» Answer: Guilt by association

* RUCAM, a rudimentary tool for determining

causality

» Better systems are needed!

Components of RUCAM
(Roussel Uclaf Causality Assessment Method)

Points awarded for the following categories:

Time to onset

Course, “dechallenge”

Risk factors (age, alcohol, pregnancy)
Concomitant drugs

Search for non-drug causes

Previous information on hepatotoxicity of the drug
Response to re-administration

NoOoOaRMN=

Problems: too little data, inter/intra-observer variation,
Inclusion of non-valid parameters




Basic Steps in Causality

Most injury is to hepatocytes: determine is it ‘hepatitis?’
Measure aminotransferases and are they new?
Assess severity: level of ALT, INR, encephalopathy

What are other possible causes? Alcohol, Viral,

Ischemia, (gall)Stones = “AVIS.”
What (other) drugs are being taken?
What is likelihood of each drug?

Hyman Zimmerman, MD 1914-1999
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The spectrum of severity
(suspect drugs provide ‘signals’)
* Percent with ALT elevations higher than
comparators: 3X ULN, 5X ULN, 10X ULN
* Occurrence of Hy’s Law cases (jaundice)

* Occurrence of acute liver failure

ALF
Hy’s Law

ALT 5X ULN
ALT 3X ULN

DILIN: US NIH-sponsored network

(/‘/7
‘ ‘ D‘[IN Mayo, Rochcater, MN
|
Drug-induced Liver Injury Network S, T HULDR, bracatauay, N
¥ THIHAIBann, Philadsiphis, PA
USCF, San Francieco, GA B MG Feshascts ary | 'WEDHINIH, Bethesda, MO
Fisher, Rockville, MD
USC, Loz Angeles, CA UNC, Chapel HILNC .~ DCR, Durham, NC
UTSWMC, Dallas, TX

https://dilin.dcri.duke.edu/
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DILIN Causality (Likelihood) Score, given by percent

1= Definite: >95% Liver injury is typical for the drug or herbal
product (‘signature’ or pattern of injury, timing of onset,
recovery). The evidence for causality is ‘beyond a
reasonable doubt’

2= Highly likely: 75-95% The evidence for causality is ‘clear
and convincing’ but not definite

3= Probable: 50-74% The causality is supported by ‘the
preponderance of evidence’ as implicating the drug but
the evidence cannot be considered definite/highly likely.

4= Possible: 25-49% The causality is not supported by ‘the
preponderance of evidence’; however, one cannot
definitively exclude the possibility

5= Unlikely: <25% The evidence for causality is ‘highly
unlikely’ based upon the available information

6= Insufficient data

Problems with RUCAM and DILIN
Expert Opinion

RUCAM
1. Full data rarely available
2. Dechallenge often cannot be determined
3. Risk factors (age, alcohol) unwarranted
4. Good people still get different scores!
Bottom line: Lacks accuracy!

DILIN
1. Expert opinion requires ‘experts’!
2. Impractical/takes time
3. Has better data /good inter-observer consistency
4. Is useful for establishing phenotype for genetics
Bottom line: Lacks day to day clinical utility!
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Most frequent DILI agents in adults

ALFSG DILIN
Antibiotics N=137 N=519
INH (w/wo rif/pyraz) 25 28
Sulfa (TMP/SMX, sulfasalazine 12 8
Nitrofurantoin 1 23
Azoles 6 12
Amox/Clavulanate 0 37
Others 13 115
Anti-convulsants
Phenytoin 8 7
Others including psychotropics 10 43
NSAIDS 7 21
Herbs 14 59

Transplant-free survival by etiology and coma grade

68% S
(J

65%

56%

Percent
|

Coma grade I-ll patients had ~50% better survival than llI-IV
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Review: Key Steps in DILI

Call it hepatitis (or some other form)
Look HARD for the specific drugs

Make sure the temporal relationship fits
Rule out ‘AVIS’

Think about specific drug patterns and

consult livertox.nih.gov

Think like an expert!

Summary of this talk; additional points

Causality assessment is a black art, not a science

Think outside your comfort zone of hepatocellular
injury—it is not all INH and TMP/SMX!

Other disease patterns for the future
Vanishing bile ducts due to antibiotics
Vascular injury yielding nodular regenerative
hyperplasia
Autoimmune hepatitis due to biologics
Congestive heart failure due to chemotherapy
Best advice
Use livertox.nih.gov as your source for good info
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Acetaminophen (Paracetamol) Hepatotoxicity

* Dose-related toxin

* Popular (mild) pain reliever

» Dwarfs all other forms of acute liver injury

» Largest selling OTC product/largest Rx generic

e Multi-billion dollar product/well-protected brand
* >100,000 calls annually to poison control centers
* 400+ deaths annually in the US, similar in EU

* lIconic model for studying liver injury

» Keeps basic scientists and clinicians employed!

Historical highlights I: Recognizing APAP problem

 1960’s Acetaminophen (paracetamol) first used in UK
 1966: First reports of hepatotoxicity

* 1970’s Becomes common analgesic/suicide agent in UK
* 1973 Mitchell and Jollow outline mechanism of injury
* 1975 Rumack develops nhomogram to predict toxicity

« 1977 First report of NAC to prevent/manage toxicity

+ 1986 Seeff and Zimmerman: association with alcohol--

‘Therapeutic misadventure’ described in US

15



Ann Int Med 1986

CLINICAL REVIEW

Acetaminophen Hepatotoxicity in Alcoholics

A Therapeutic Misadventure

LEONARD B. SEEFF, M.D.; BRENDA A. CUCCHERINI, MP.H; HYMAN J. ZIMMERMAN, M.D.; EDWARD
ADLER, MD.; and STANLEY B. BENJAMIN, M.D.; Washington, D.C; and Louisville, Kentucky

We have treated 6 chronic alcobolics and identitied an

headaches. He was admitted 1o the hospiial with ihe foll

lddmlmnl 1 9 remd in the lits whe devel

severs h ity from acetaminoph. hllll in

appnrm mnmn um tln clinical disease in tllcu
ts had a mild to

|.lu|dlu- mild to severe mm:mnw nnum
sbnormal aminotransferase levels, values inc

lakb ry valuss: aspartate aminotransferascs (AST), 19710
IU/L; alanine aminotransferase (ALT). 4560 IU/L: serum hili-
rubin, 130 mg/dL; f time, 12 !nng:rthn
the control; and a nmnv: test for h:p-mn B »urfnoe antigen
(HH&M] Hw pit couﬂ: | of dis-

with &ither acute slCeholic hepatitis of viral hepatitis. The
possible causes for the injury from ostensibly nontoxic
drug levels appear to be either the induction by chronic
alechol mm ef the medmm P-450 system
toa lnie
metabolite, nrrmslhctu!-- ism and the

itioninr
responsible narmally for prming hepatotoxicity by
conjugation with the toxic metabolite. The ressarch data
partaining t¢ the apparent enhanced toxicity from chranic
llm!mllm are rnmd bﬂprh “ll low I'uqumy ol

I.lhllllhl | about the use of

lar c and ascites,
all of which reolved with tims. The Plliﬂlt recovered and was
discharged without unusual sequelae.
PATIENT 2
A 30-year-vld male chromie alcoholic with a pamful .ptcal
tooth absess hadd, over 3 days, ingested 12.5 g of acetami
together with a six-pack of beer each day. He was admitied 10
the hoapital because his laboratory values included a bilirubin
level of 2.4 mg/dL; AST. greater than 10000 IU/L; lactic
dehydrogenase level, 4980 IU/L; and prothrombin time, 5.4
mqnd, showe the “mlvul {hhr wvalues ircloded blood wrea
gen, 9 mgraL; ¢ 1.1 mg/dL; amyiase, 40 U/dL;
hemaiocrit. 5Z; and 2 leukocyte count of 8900/mm’ with & shift
ie ihe lefi. Serologic fesis for hepotitie B were negative. The

The New England Journal of Medicine

ACETAMINOPHEN TOXICITY IN AN URBAN COUNTY HOSPITAL

Frane V. Sciwor, M.D., Feosa A. Rocsune, M.D., Dota L. Casev, B.S., Anp WiLuam M. Lee, M.DL

ABSTRACT

Badkg { The ls and ch istics of
acetaminophen-associated liver injury in hospitalized
patients are not well defined.

Meibods  We identificd patients hospitalized 1o ex-
cessive acetominophen ingestion at an urban county
hospital over a 40-month period {1882 to 1995) and
reviewed their medical records 1o determine the in-
cldence and clinical faatures of the ingestions and
their oulcomes.

Resules Of the 71 patients studied, 50 were classi-
fiesd 3 having taken scelaminophan during sulcldn

the most common cause of acute liver failurc in the
Tnired Kingdom. A sccond pattern, apparcitly more
prevalent in the United States, is observed in aleo-
holic or fastng paticnts who ngest sualler anounts
of acetaminophen ouly 1o relieve pain and in whom
alcohol vse or starvation appearns o worsen the liver
injury.t57 Suicidal overdoses have been commeon in
the United Kingdom since the 1970s# and their in-
cidence appears to be increasing in the Unived
States.™? Despite these reports, livtke information is
available ont the overall incidence and severity of ac-
n | ity in the Uited States.

attempls and 21 as having
themselves while attampting to relieve paln The sui

cidal patients had ingested almost twice as much
acetaminophen as thoso in the accidental-overdoss
group imaedian, 20 vs. 12 g; P'= 0L.003). Amang the pa-
tients for whom data were awailable, 63 percent of
those in the acidental overdose group and 26 per-
cent of those in the suicidal group were chronic al-
cohol abusers (P-0.005). The patlents In the accl-
dental-overdose group more often had severe
necrosis (aminotransferase levels, >3500 IU per liter;
52 parcent vs. 14 percent; P=0.002) and wefe more
likaly to have hepatic coma (33 percent vs. 6 percent,

Wz ltlllnqu:i.llvdy cxamined the records of pa-
rients with aceraminophen toxicity in an urban cous-
iy hospital over a 40-month period to determine the
incidence and clinical profile of acctaminophen
associated lver injury.

METHODS

mmmmmdﬂwmtswﬂMm Parkdand
Menorial Heapital, the sobs public hospstal in Dallas County,
Texze (with approximarcly 40,000 adimissdions umally), foo po-
vential o actual scctaminophen heparotoxicity borwoen Janwary
I 1992, aml .H|'i| A0, 1995, Sinee vhe hospical docs oot porfonn

P=0.006). There were four deaths (19 p in the
accidental-overdose group and one (2 percent} in
the suicidal group (P~ 0.04). Five patisnts — three in
the accidantsl-overdoze graun and two m the nm:ld.
al group — hud 14 gof
less. i i

counted for 12 per\-
cent of all patiems Ilosp-ml.ret.l with overdoses (71 of
589} and 40 percent of patiente with acute Ihver fail-
ure {IO of 26} during the study period.

In an urhan county

fiver no patients were referred for that purpose,
and no parienrs required mnsplntation.

The patients” medical reconks were idontified and rerered in
twor ways. Farst, we uscd coding software (Code 3 N-ender, 3M,
Minncapolis) 1o scarch the dara base for il panenrs coded o= hay-
ing hepatic Aecrmis (1 catepory that induded scute ver Rilure ).
adruy, everdome, or aloodolic hepatitis. Patients defined dinically a0
lwmb typical alcobolic hepatits were excluded fom further

it Sevumrl, we reviewed the reconds of all paticnts in whom
moplmlw:k r than 10 mg per liter were messured.

greate
We confirmed that a pationt had bad sabstuisal
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Parkland Hospital study of APAP overdoses

Suicidal: n=50 Unintentional: n=21

e Suicide admitted Suicide denied

» Single time point « Several days’ use

* No cause of pain * Reason for pain

» Early presentation Late presentation
 20% ALT > 1,000 Virtually all high ALT

» 1 ALF/death in 50 8 ALF; 6 (29%) died
(2%)

Schiodt et al., NEJM 1997:337:1112-17

Only 9 of 71 had ALF, but they were mostly unintentional

Acute Liver Failure Study Group: based at UTSW
Rationale: Network to study a rare disease

Began in 1998, 15 adult, 10 pediatric sites
2,300 cases in adult, ~1,100 in pediatric registry
New added definition: ALI—INR > 2.0/no enceph

Three directions:

— Prospective clinical data, sera, plasma, DNA, tissue
— Numerous ancillary studies in progress
— Therapy trials: NAC trial done, STOP-ALF in progress

Funding: NIDDK U-01 through 2015
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Cytochromes P450 lead to ?

unstable compounds! AN
HN CHs
o o
I |
/C « /c N
HN' “CHs R e SG
— o.5ra
gutatht®” OH
Cytochrome p450 2E1 Mercapturic Acid
(phase I) (nontoxic)
o
NAPQI

(highly reactive intermediate)
Hepatocyte Damage

«Covalent binding to cell proteins,
including enzyme itself
«ADDUCTS

Nontoxic Metabolites <Der t of apoptosis?

Pop

*CAR?

Mitchell DR, Jollow DJ, et al 1973, JPET
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Comparison of Different ALF Etiology Groups

APAP Drug Indeterminate HepA/HepB All
N=916 | n=220 n=245 n=36/142 Others
N=441
Age (median) 37 46 39 49/43 45
Sex (% F) 76 69 59 44/44 71
Jaundice to 1 1.5 1" 4/8 7
coma (Days)
Coma 23 (%) 53 35 48 56/52 38
ALT (median 3773 639.5 865 2275/1649 681
1U)
Bili (median) 4.3 19.8 211 12.3/18.4 13.9
Tx (%) 9 40 42 33/39 32
Spontaneous 66 24 22 50/21 31
Survival (%)
Overall 73 58 60 72/55 58
Survival (%)

Treatment for APAP Overdose

N-acetylcysteine (NAC) is an effective antidote!

Uncertain benefit after 30 hours

complications: brain edema.

IV NAC will totally prevent toxicity if given <12 hrs

Supportive care in ICU: may develop fatal

Initial evaluation: is it ALF? If so, is he/she a LT

candidate? If so, consider early transfer to liver
transplant center.
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Ornithine Phenyl Acetate: STOP-ALF Trial
Lower ammonia to manage cerebral edema

« Ammonia is the putative cause for cerebral edema

* OPA traps ammonia and allows renal excretion

» Could be used prophylactically or as treatment

» |V, few side effects, might work in cirrhosis also

 ALFSG is studying the acetaminophen ALF/ALI
group since July 2012—to be completed 2014.

Fl Liver FAILURE |

Several studies highlight role of NH; in raising ICP

p<0.001
190+
350 -| o
.
300 4 08+
—_ . .
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S 250 (;] ______ Pz
g o ™ 5 05+
= o som 2
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oe » -~ k.l irEEEESTa
: . Joo Eed o TTTRLL
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. 0 r 8 10
No CH cH Day of admizsion

Clemmesen J et al Hepatology 1999.
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OCR-002 Uses Physiological Pathways to Eliminate Nitrogen

ornithine

!;_'l. o

\‘l Glutamine ’—/
acyltransferase

r -

Lee WM, Jalan RV. Gastroenterology 2009
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2000 Patients enrolled
761 (38%) listed

an

Spontaneous
survivors
N=864
(43%)

N\

ALFSG data,
1998-2012

Transplanted
N=482
(24%

Died (Not
Transplanted)
N=654

VN

(33%)

Alive Died
N=410 N=72
(85%) (10%)

Overall survival:

N=1274 (64%)

an

Spontaneous
survivors
N=616
(66%)

928 APAP patients enrolled ALFSG data for APAP,
233 (25%) listed

N\

1998-2012

Transplanted Died (Not
N=82 Transplanted)
(9%) N=204
(22%)
Alive Died
N=61 N=8
(74%) (10%)

Overall survival: N=677 (73%)
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APAP Hepatotoxicity: Summary

Still an important problem dwarfing DILI!

Opioid compounds involved in 40+%
Comprises 18% of indeterminate ALF
Frequent psych issues and drug abuse in both
groups

Multiple products important in at least 20%,
more in pain patients.

Renal injury is common in APAP

Still the largest cause of death from ALF in US

Overall Summary: DILI and APAP 2014

Identifying drug-induced hepatotoxicity is vital

Bad outcomes can and do occur
Key here is taking a great history
Loyal patients sometimes hurt themselves

Be aware of agents that cause toxicity and
alert to new ones. Use Livertox.nih.gov to look
things up

OSU is a good source for information and
consultation: we specialize in handling
patients with Acute Liver Failure!!
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